highlighted that sagittal plane control strategies differed between jumping and jerking (p<0.05) with jerking being a knee dominant task in terms of peak moments as opposed to a more balanced knee and hip strategy in jumping and landing.
Jumping and jerking exhibited proximal to distal joint involvement and landing was typically reversed. High variability was seen in non-sagittal moments at the hip and knee. Significant correlations were seen between jump height and hip and knee moments in jumping (p<0.05). Whilst hip and knee moments were correlated between jumping and jerking (p<0.05), joint moments in the jerk were not significantly correlated to jump height (p>0.05) possibly indicating a limit to the direct transferability of jerk performance to jumping. Ankle joint moments were poorly related to jump performance (p>0.05). Peak knee and hip moment generating capacity are important to vertical jump performance. The jerk appears to offer an effective strategy to overload joint moment generation in the knee relative to jumping. However, an absence of hip involvement would appear to make it a general, rather than specific, training modality in relation to jumping. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
INTRODUCTION
Vertical jumping is a common assessment tool in strength and power programmes and frequently a primary marker used to describe general enhancements in leg extension force production capabilities. The jerk is a component of techniques taken from Olympic style weightlifting (OL) utilised with a view to enhance leg extension force production in time constrained stretch-shorten cycle conditions. Understanding the relationships between the mechanics of such training, monitoring and performance skills offers insight into the correspondence and likely transferability of adaptations between these skills and further to the effective selection of training and monitoring modalities within a programme.
There has been a plethora of studies exploring the biomechanics of vertical jumping 1, 4, 18, 28, 33, 39, 40 , landing 3, 13, 24, 29, 36, 51 and Olympic weightlifting 6, 19, 20, 21, 25, 43 . These studies have used a range of techniques to evaluate the kinematics and kinetics of these activities. One technique in biomechanics is to reduce the description of the body to a series of linked rigid segments. Inverse dynamics techniques can then be used to calculate the inter-segmental forces and moments (moments refer to internal moments unless otherwise stated) expressed at each joint 14, 49 . It is common to make the assumption that the moments calculated in an inverse dynamics analysis represent the resultant muscle moments 12, 16 . In reality, the inter-segmental moments Moments in jumping and jerking 4 are likely to be a result of the combination of both muscular forces and the restraint provided by the passive tissues 27 . In the sagittal plane it is likely that a large proportion of the observed moment is a result of muscular actions and thus a consideration of sagittal plane moments can be very useful in understanding performance. However, in the frontal and transverse plane it is likely that the passive structures provide a more significant proportion of the calculated moment, especially at the knee where the musculature is not well equipped to resist non-sagittal plane
loading. An analysis of moments in 3 dimensions (3D) is therefore instructive in ascertaining the loading of passive tissues, and consequently frontal and transverse plane moments may be revealing as to the potential mechanisms of injury.
In contrast to the large number of studies that have employed inverse dynamics to study jumping and landing, there is a paucity studies that have used the technique to study OL 11, 53 . Those studies that have employed inverse dynamics have not presented comprehensive details as to the inter-segmental moments calculated. The profiles of joint moments in these activities are therefore relatively unknown.
Certainly there have been no studies that have compared joint moment production between jumping and OL, and thus the kinetic similarities and differences between the two activities in terms of joint moments has yet to be determined. Despite this, it is common for strength and conditioning coaches to contend that there is a high degree of mechanical similarity between the two exercises, and to use this observation as the basis of training choices.
Although comparisons of joint moment profiles, either between athletic skills or between differing athletic groups are not common in the strength and conditioning 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Moments in jumping and jerking 5 literature they can be illuminating when analysing performance and prescribing training interventions 26, 46 . For instance, Vanezis and Lees 46 analysed the differences in moment production between good and poor vertical jumpers. They found a nonsignificant trend that the peak moments produced by the good jumpers were greater than those of the poor jumpers. Equally, the good jumpers developed joint moments more rapidly during jumping. The authors did not however, present details on the correlation between peak moment production and jump height leaving the predictive power of peak moments as to jump height unresolved. Nonetheless, such analysis can be used to inform coaches as to the differing strategies adopted by athletes such that their performance might be better understood and either replicated or altered. In particular this might include understanding the differing emphasis athletes place on the utilisation of joint moments at the hip, knee or ankle.
Equally, impulse generation across a range of propulsive and landing movements is likely to be optimally created by different strategies of lower limb muscle and joint involvement. Due to general issues of specificity of adaptation, the transfer of adaptation benefits between different athletic tasks is likely to be limited by their degree of mechanical correspondence; an idea longstanding in the coaching 48 . It is therefore informative for coaches to consider issues of mechanical similarity between different movement tasks. Whilst the use of electromyography for this purpose has been popular 7 the application of inverse dynamics does not appear common in coaching research literature. This incorporates consideration of both the relative amplitudes of peak moments as well as their temporal arrangement in the moment profile. Importantly an improvement in understanding from coaches of the way in which constraining particular movements (such as demanding a near vertical line of Moments in jumping and jerking 6 travel with body segments closely connected to a barbell) changes the pattern of moment production required by the athlete is likely to result in an enhanced ability to make appropriate exercise selection choices and movement modifications.
The purpose of this study was therefore to perform a 3D optimization based approach to the inverse dynamics analysis of vertical jumping, landing and jerking. The primary aim of the study was to provide a detailed description of the 3D moments experienced at the joints in the local coordinate frame for each of the activities using an optimisation approach 9,10 . A secondary aim was then to use these descriptions to facilitate a better understanding of the relationship between vertical jumping and jerking. Finally, a tertiary aim was to determine whether peak joint moments produced during jumping and jerking were predictive of vertical jump height.
METHODS

Experimental approach to the problem
To determine jump height and related jump moments subjects (n=12) completed uninstructed vertical jumps with arms isolated. To allow comparison to the jerk those with weightlifting experience (n=9) (classified as athletes who reported previously using jerks as part of the sports conditioning programme) also completed a series of weightlifting jerks in the same session following the jump trials in a repeated measures design. Activities were subject to kinetic and kinematic data collection to allow calculation of 3D moments at the ankle knee and hip. Subjects 12 athletic males from varied sports (mean ± SD age 27.1 ± 4.3 years; body mass 83.7 ± 9.9 kg) volunteered the study and were informed of the procedures and risks prior to providing written consent for participation. The study was approved by the institutional research ethics committee for XXXX University College. Nine of the volunteers had been previously familiarised with the weightlifting jerk through its utilisation as part of their sport training and only these subjects jerked in the study.
The data therefore comprise jumps from all 12 subjects and push jerks from 9 of the subjects.
Procedures
Following a standardised dynamic warm-up (A skips, straight leg run, A run, walking lunge, sumo squat, backward walking lunge and vertical jumps) subjects completed 5 unloaded vertical jumps with the arms held on the hips, with the highest jump (determined from air time using standard classical mechanics) utilised for analysis. Nine of the subjects then also performed an explosive weightlifting push jerk with a load of 40 kg following a self selected number of practice repetitions.
Recovery between all repetitions was self selected by subjects with an instruction to take full recovery.
18 retro-reflective markers were placed on anatomical landmarks 44, 45 defining the right lower limb and pelvis ( All data were collected synchronously at 200Hz. Finally, the internal joint moments were calculated by summing the individual moments created by each muscle element. The details as to the modelling approach are described in more detail elsewhere 8,9,10 . All moments were calculated in the local coordinate frame of the proximal body segment of each joint and normalized by body mass.
Statistical analyses
Data are presented as mean ± SDs. 2 X 2 analysis of variance (joint x activity), with post hoc t-tests, was used to assess the hypothesis that there would be differences in peak sagittal joint moments between the jump and jerk. The hip:knee ratio in the jump and jerk were compared, to support coaches interpretation of interactions, with paired t-tests. Non sagittal plane moments are presented descriptively. Pearson correlation was used to consider relationships between jump performances and joint moments in the jump and the jerk. Pearson correlation was also used to consider relationships between the joint moments presented during the jerk and jump. A significance level of p<0.05 was set a priori. Data for subjects who only jumped were excluded from statistical analyses that related to the jerk. They were included in correlations between jump height and moments during jumping and also in the characterisation of different jump patterns
RESULTS
Peak (and 95% likely range for the difference) sagittal plane moments observed during jumping, landing and jerking are shown along with hip:knee ratios in Table 2 . . Post hoc analysis highlighted no differences in the moments generated at the ankle across the three tasks (p>0.05).
Knee moments generated during the jerk were higher than those in both the jump and land (p<0.05). At the hip all three activities differed from one another with the jump generating the highest and the jerk the lowest hip moments (p<0.05). Hip:knee ratios were different (p<0.05) between all three tasks with jumping being typically the most balanced and landing and then jerking seeing respectively lower ratios and therein hip involvement. Table 2 here.
Single subject example profiles (selected qualitatively as being the most typical in pattern) are presented as opposed to ensemble averages as variability in the frontal and transverse planes, along with different jumping styles being evident, meant that ensemble average profiles lost the capacity to describe any movement strategy evident in the population. Figure 1 presents a typical sagittal plane moment curve for a jump and landing and Figure 2 presents a jerk trial for the same subject. In jumping peak hip moment was achieved prior to peak knee moment, which in turn was followed by peak ankle moment. Similarly, during jerking peak knee moment was achieved prior to peak ankle moment. This ordering of moments in the jump and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 jerk, evaluated qualitatively, was consistent for all subjects. There was less hip involvement in jerking (p<0.05), and the timing of peak hip moment was less consistent in relation to the peak knee moment. During landing, the reverse sequence of peak moment development was observed with peak ankle moment occurring prior to peak knee, and then hip moment. There was some variation in the hip moment developed during landing as two subjects developed very little hip moment, whereas the majority developed a large hip moment in effect replicating the jump takeoff in reverse. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 Figure 5 here Tables 2 and 3 There was a wide degree of variation in the non-sagittal plane moments observed during jumping and landing. The most consistent pattern evident was that the ankle joint experienced an inversion moment throughout jumping and landing for all subjects. The ankle joint was generally subjected to an internal rotation moment, although for most subjects there was a brief external rotation moment immediately prior to takeoff, and some subjects experienced an external rotation moment at the point of landing. The majority of subjects experienced principally knee abduction during jumping with a brief adduction loading just before takeoff. During landing there was a high degree of variation in adduction and abduction loading of the knee.
Similarly the internal/external rotation moment at the knee was highly variable during both takeoff and landing, and in particular it was not uncommon for the knee to experience rotation moments in both directions during takeoff. There was a trend to experience adduction followed by abduction moments at the hip during takeoff, with some subjects then experiencing a further adduction moment just before takeoff.
The rotation moment at the hip tended to rapidly switch from internal to external 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Moments in jumping and jerking 13 multiple times during takeoff. There was a high degree of variability in both the adduction/abduction and internal/external rotation moments experienced during landing although around half the cohort experienced a consistent pattern of adduction loading at landing.
During jerking the non-sagittal plane moments at the ankle were similar to those displayed during jumping. All subjects experienced inversion coupled with internal rotation moments at the ankle, with some subjects experiencing external rotation at the ankle at the point of take-off. The knee tended towards abduction loading although this pattern was not clear, whereas the rotation loading was highly variable.
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Figure 9 here
Figure 10 presents the correlation between peak ankle, knee and hip moments and vertical jump height. It is clear that there was no correlation between jump height and peak ankle moment (p>0.05). In contrast there were moderately-strong positive correlations between jump height and peak knee and hip moments which were significant (p<0.05). There was no correlation between peak moments during jerking and jump height (p>0.05). There was a significant and strong positive correlation between peak knee and hip moments between jumping and jerking (p<0.05).
Figure 10 here
DISCUSSION
In this study the inter-segmental moments produced during vertical jumping and the weightlifting jerk were evaluated. The mean sagittal plane moments during vertical jumping were found to be consistent with previous research 26, 46, 47 . For instance, Vanezis and Lees computed the peak moments produced by the combined action of both legs in vertical jumping, and found that good jumpers produced peak moments at the ankle, knee and hip of 3.06 Nm/kg, 3.40 Nm/kg and 3.50 Nm/kg respectively, whereas poorer jumpers produced moments of 2.75 Nm/kg, 3.13 Nm/kg and 3.09
Nm/kg respectively. In this study, the peak moments for the right limb alone were calculated, however if these figures are doubled the values for ankle, knee and hip are 3.13 Nm/kg, 3.29 Nm/kg and 3.12 Nm/kg respectively. These values are in close   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 agreement with those produced by the jumpers in the Vanezis and Lees study.
Further, a visual inspection of the timing of peak moments, showed a proximal to distal pattern in all cases. This was replicated during jerking, whereas during landing it was reversed. Bobbert and colleagues 4 have argued that a proximal to distal recruitment strategy allows the attainment of maximum vertical jump height by preventing a premature takeoff during vertical jumping. The pattern of rotations facilitates the joints of the lower limb to extend maximally, allowing the ankle, knee and hip to perform the greatest amount of work. It seems likely that during jerking the same proximal to distal recruitment strategy allows the torso segment to impart the greatest velocity to the bar prior to lift off from the shoulders. . This similarity in extension sequencing in the jump and jerk likely also serves to allow effective energy transfer from proximal to distal joints and is common to other tasks such as running 37 . Such commonality of the extension strategy for the lower limb increases the likelihood of transfer of performance gains across tasks.
The correlation analysis revealed a moderately-strong and significant positive correlation between vertical jump height and jump peak knee and hip moments.
There have been a number of studies that demonstrated a relationship between muscular strength and jump performance 32,35,38,41 . The findings of this study suggest one mechanism by which this relationship could be mediated, as athletes with higher levels of muscular strength would be expected to be capable of expressing higher peak hip and knee moments. In contrast the relationships between jump height and jump ankle moments and all jerk moments were substantially weaker and not statistically significant here. The weak relationship between ankle moments and jumping is in agreement with previous work and is intuitive if the primary input via 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 the ankle is late and restricted to providing the final thrust when the majority of velocity creation is complete 4 . More importantly to coaches the meagre relationships apparent between jerking and jump performance illustrate the limited influence of jerk performance in a group that is homogenous on jump performance but heterogeneous technically. Coaches therefore need to consider carefully when selecting an exercise such as jerking for performance enhancement, precisely what adaptation is likely to be promoted and how is it proposed this will transfer to, for example, jumping performance for a specific athlete.
In contrast, there was a strong and significant correlation between the peak knee and hip moments achieved in jumping and jerking. This seems intuitive considering the strongest athletes are likely to be able to produce higher moments in both test
conditions providing they can demonstrate competent levels of skill in each task. It is interesting to note that the weights jerked in this study were sub maximal whereas the jumps were maximal. It may be that the relationship between knee and hip moments becomes stronger as the weights jerked approach maximal loads. Equally the strength of the relationship may fall since athletes were still exerting maximal effort on those sub maximal loads, and as load increases the force-time characteristics of the jerk skill progress further away from jumping and the correspondence between the two skills may well fall. This point requires further investigation. Nevertheless the results of this study suggest that those subjects who are capable of expressing for example higher knee joint moments are able to express these knee joint moments during both jumping and jerking. The ability to express high knee joint moments is therefore at least in some part independent of the skill performed and represents a characteristic of transferability. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Rousanoglou and colleagues 38 found that measures of knee extensor strength correlated to jump height in volleyball players but not with track and field jumpers.
Their work supports a proposition that different groups of athletes select different movement strategies to perform maximal height vertical jumps and that as such different strength adaptations might be required to further enhance performance. In the present study, the cohort of jumpers considered was a heterogeneous group in which both peak knee and hip moment was correlated with jump height. It may be that in "knee dominant" jumpers there is a stronger relationship between peak knee moment and jump height and vice versa. If such a relationship could be established this would potentially provide an explanation as to the findings of Rousanoglou and co-workers. The track and field jumpers may select a more hip dominant strategy and thus their performance may be more correlated with peak hip moment production more so than peak knee moment. Conversely, the volleyball players may be more knee dominant, and thus their performance may be more strongly influenced by their ability to produce peak knee moments. This may be in part due to the relative differences in horizontal components of motion between these sports and points further to the importance of more fully understanding the correspondence between skills and likely transferability of strength qualities. Further it raises potential questions as to whether a knee dominant jumper"s performance would benefit most from increases in hip moment or alternately further increases in knee moment capability.
In common with previous research 46 , a variation in jumping strategy was identified here. Subjects selected a knee dominant, hip dominant or more balanced movement strategy although taken as a cohort the production of hip moment was greater than 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 that of knee moment. In contrast, the mean moments produced upon landing favoured the production of knee moment but still two different landing strategies were observed in this study. Most subjects developed peak moments in a similar but reversed pattern to takeoff, using both the hip and knee joints, whereas two subjects relied heavily upon the development of knee joint moment to absorb the landing forces. These two subjects were also knee dominant jumpers, which may represent a consistent preferential recruitment of the knee over the hip. Cohort size restricted further correlational analysis of these subgroups which might inform a stronger characterisation of hip and knee dominant jumpers. Wider investigation is needed to determine what characteristics might cause athletes to select a particular joint dominant strategy, whether this is optimal for performance outcome and importantly whether this increases risk of injury at the same joint, particularly in the case of the knee. It may also be important to understand if these strategies transfer to other movements and further investigation to characterise movement strategy preference is necessary in jumping and other sports skills.
Comparative analysis of jumping and jerking reveals that the ankle joint appears to serve a similar function during the two activities, that of providing the final thrust, and that the magnitude of this contribution is the same in the two activities. Equally, during landing the moment produced at the ankle is similar. In contrast, the knee and hip are used very differently in jumping and jerking. Jerking is a knee dominant activity with a much greater emphasis on knee moment development as demonstrated in the substantially higher knee:hip moment ratios demonstrated, whereas jumping represents a much more balanced recruitment of knee and hip averaged across the cohort. This variation in movement strategy is likely linked to the restriction of trunk 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 motion enforced with the use of the barbell in the jerk. The apparent disassociation in the relative magnitude of contribution of hip and knee moments further points to the generality of jerking in relation to jumping tasks. Whilst this, in conjunction with previously described correlations, might lead to a conclusion that jerking lacks potential to transfer to jumping it should be considered that only 40kg was lifted in the jerk trials. Assuming larger jerk loads would further increase knee moments, then jerking would appear to offer an effective strategy to provide overload for peak knee moment generation and would also likely offer greater correspondence to tasks which are similarly dominated by knee function or have benefit where athletes are perceived to be lacking in torque capability at the knee such as to say the knee represents a "weak link". Jump squatting, or likewise any training activity where trunk motion is similarly constrained, might be subject to a similar "disconnect" from free jumping and requires further investigation.
The non-sagittal plane moments reported in this study also show agreement with previous work 2, 22 . The ankle experienced a consistent pattern of inversion and internal rotation loading in all three activities in this study which suggests both that the ankle joint is utilized in a fairly consistent pattern in the studied activities and that non-sagittal plane moments are well controlled at the ankle. In contrast, the nonsagittal plane moments experienced at the hip and knee were much more variable.
The mechanism of injury to the knee during non-contact landings is generally due to a multiplane loading at the knee, often at small knee flexion angles, when a large extensor moment is coupled with either frontal or transverse plane loading 17, 30, 42 .
Thus knee injuries during landing may be due in a large part to the development of non-sagittal plane moments, especially unanticipated moments. Both the hip and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Moments in jumping and jerking 20 knee exhibited variability in the joint moments observed during landing. The hip joint is structurally a very stable joint and is more likely to be able to withstand variability in loading. In contrast, a potential explanation for the high incidence of non-contact knee injuries during jumping 16 could be the variability of moments in this relatively unstable joint.
In this study, two contrasting landing styles were observed as discussed earlier. It could be argued that the balanced landing strategy that equally recruited the knee and hip represents the safest option, as the development of extensor moment is evenly distributed between the hip and knee. However, no significant correlations were found between the magnitudes of the sagittal plane knee moments and the nonsagittal plane moments (not presented). That said the abduction moment correlation of 0.53 (95% likely range -0.06 to 0.85; p=0.07) would suggest that a meaningful positive relationship is might exist between these variables. Thus although the knee may be more heavily loaded in the sagittal plane by a knee dominant landing strategy, further investigation is necessary to elucidate the potential for this style to result in increased non-sagittal plane loading. This relationship should be explored further particularly in populations known to be at higher risk of knee injury such as females 5,34 using designs with higher statistical power than was achieved here.
This study provides further evidence as to the utility of inverse dynamics analysis in understanding movement correspondence. The existence of distinct jumping strategies (knee or hip dominant) has been reinforced and the constraint of vertical bar motion in the jerk shown to result in the activity being clearly knee dominant.
Despite the direct relationship between jerk moments and jump performance being 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 weak an avenue for correspondence is highlighted in the relationship between hip and knee peak moments in the jump and jerk. Sagittal plane control has been shown to be variable and the implications of this for injury risk along with the potential to reduce variability needs consideration. Future research should attempt to further describe variations in jumping and landing strategies, whether these strategies transfer across a wider set of sports skills and their impact on non-sagittal plane moments.
Additionally the causes of jumping strategy variability require investigation along with the implications for training interventions centred at reinforcing or changing athletes existing strategy through general strength, flexibility or technical training. Equally the understanding of the characteristics of OL activities could be further improved and the relationship between weightlifting and jumping, as well as other fundamental sports skills, clarified.
PRACTICAL APPLICATIONS
The results of this study suggest that in order to improve vertical jump performance a key consideration should be to improve an athlete"s ability to produce both peak knee and hip moments during the jump. Coaches should be aware that their athletes may select to jump and land with hip or knee dominant strategies and understand that an athlete"s particular movement strategy may be a function of their relative strengths and weaknesses, and predicate the type of training that has potential for improving their performance, either through an approach to change this strategy (by enhancing hip moment capabilities in a knee dominant jumper) or to reinforce it (by increasing knee moment capabilities in a knee dominant jumper). Finally this study indicates that the jerk exercise can be classified as knee dominant and may be effective in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Moments in jumping and jerking 22 overloading and therein increasing an athlete"s ability to generate peak knee moments more so than ankle or hip, although it is unable to substantiate whether this will in turn lead directly to increases in vertical jump height . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Moments in jumping and jerking 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 Table 2 . Peak normalized sagittal plane moments (Nm/kg) for the ankle, knee and hip during jumping, landing and jerking and hip:knee peak torque ratio (%) along with differences and 95% likely range for the difference. * = p<0.05 Table 3 . Mean peak frontal plane moments (Nm/kg) during jumping, landing and jerking. * indicates mean peak ankle moment was not an eversion momentminimum inversion moment is presented instead. 
